The Framingham Risk Score (FRS) has been reported to predict coronary heart disease (CHD), but its assessment has been unsuccessful in Asian population. We aimed to assess FRs and suita score (a Japanese CHD prediction model) in a Japanese nation-wide annual health check program, participants aged 40-79 years were followed up longitudinally from 2008 to 2011. Of 35,379 participants analyzed, 1,234 had new-onset CHD. New-onset CHD was observed in diabetic men [6.00%], non-diabetic men [3.96%], diabetic women [5.51%], and non-diabetic women [2.86%], respectively. Area under the curve (AUC) of receiver operating characteristic (ROC) curve for CHD prediction were consistently low in Suita score (TC), FRS (TC) and NCEP-ATPIII FRS (TC), suggesting that these scores have only a limited power. ROC, net reclassification improvement (NRI), integrated discrimination improvement (IDI), and decision curve analysis (DCA) and Hosmer-Lemeshow goodness-of-fit test did not show clear differences between Suita score (TC) and FRS (TC). New models combining waist circumference ≥85 cm in men or proteinuria ≥1+ in women to suita score (tC) was superior in diabetic men and women. New models could be useful to predict 3-year risk of CHD at least in Japanese population especially in diabetic population.
Baseline characteristics and CHD onset in men and women with and without diabetes. The study had 2,926 participants with diabetes (men [1, 566] , women [1, 360] ). Of participants without diabetes, 12,506 were men and 19,947 were women ( Table 1 ). The following variables were higher in men and women with diabetes than those in their counterparts: age, body weight (BW), body mass index (BMI), waist circumference, systolic blood pressure (SBP), diastolic blood pressure (DBP) (in women), glucose, HbA1c, triglyceride (TG), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γ-GTP), uric acid (in women), estimated glomerular filtration rate (e-GFR) (in women), proportion of proteinuria, smoking (in men), prevalence of hypertension, hyperlipidemia, and use of anti-hypertensive, lipid-lowering, and anti-diabetic drugs. Suita score (based on TC and LDL-C), FRS (based on TC), and NCEP-ATPIII FRS (based on TC) for non-diabetic and diabetic men and non-diabetic and diabetic women were shown in Table 2 . Those risk scores were all higher in diabetic men and women than in their counterparts. New-onset CHD between 2008 and 2011 was observed in men with diabetes [6 Assessment of FRS and Suita score in total participants, men and women. In ROC curves for CHD risk prediction, the areas under the curves (AUCs) of the Suita score (TC and LDL-C), FRS, and NCEP-ATPIII FRS were shown in the upper panel of Fig. 1(a) and values of AUC (95% CI) and cutoff (sensitivity, 1-specificity) were in the lower panel in Fig. 1(a) . Discrimination of ROC curves was slightly different between Suita (TC) vs FRS (TC) or vs NCEP-ATPIII FRS (TC) in total participants, but that of three scores was almost equivalent when the population was divided into men and women ( Fig. 1(a) ).
Next, we conducted the Hosmer-Lemeshow test to evaluate the model's calibration (Table 3 ). In total participants, Suita score (TC) and Suita score (LDL-C) showed a good fit, and FRS and NCEP-ATPIII FRS did not. When the population was divided into men and women, Suita, FRS and NCEP-ATPIII risk scores equivalently showed a good fit.
In total, men and women, NRI and IDI of ROC curves were slightly better in Suita score (TC) than in those of FRS (TC) ( Tables 4 and 5 ). DCA of two scores was almost equally distributed ( Fig. 2(a) ).
Assessment of FRs and suita score in men and women with and without diabetes. AUCs of the Suita score (TC), Suita score (LDL-C), FRS (TC) and NCEP-ATPIII FRS (TC) in non-diabetic and diabetic men and women were shown in Fig. 1(b) . AUC of Suita score (TC) was slightly better in diabetic men compared to NCEP-ATPIII FRS (TC)(P = 0.029), however the AUCs were not different in non-diabetic men and non-diabetic and diabetic women as compared to the other scores. In Hosmer-Lemeshow test (Table 3) , the values for Suita score (TC and LDL-C), FRS (TC) and NCEP-ATPIII FRS (TC) all indicated a good-fit model in men and women with or without diabetes, except for Suita score (TC) in non-diabetic men. Discrimination abilities, when assessed by NRI, IDI (Tables 4 and 5 ) and DCA ( Fig. 2(b) ), were better in Suita score (TC) than in FRS (TC), in non-diabetic and diabetic men and in non-diabetic women.
New risk prediction model 1: Suita score (TC) + new covariates. Selection of new covariates. Since
AUC of ROC was low in Suita score (TC) as well as in FRS (TC) and NCEP-ATPIII FRS (TC), we attempted to create a new risk prediction model by adding new covariates to Suita score (TC). Candidates of covariates in new risk prediction models are shown in Supplementary Table 1A and newly selected covariates were compared with FRS Original and the Suita score (TC) in Supplementary Table 1B . Crude odds ratio of covariates for CHD prediction was shown in Table 6 . Waist circumference (≥85 cm) and BMI were significant in non-diabetic and diabetic men and proteinuria (≥± or ≥1+) was in non-diabetic and diabetic women. Calculations for Suita score (LDL-C) resulted in almost the same that in the Suita score (TC) (data not shown). Variance inflation factor (VIF) of waist circumference and proteinuria with Suita score variables were all <2.5, indicating no evidence for strong multicollinearity. Odds ratios adjusted for all covariates of Suita score, waist circumference in diabetic men Table 2 . Values of Suita (total cholesterol and LDL-cholesterol models), Framingham Risk Score (FRS) and NCEP-ATPIII FRS scores for coronary heart disease (CHD) prediction. Variables are expressed as mean (standard deviation). TC and LDL-C: total and low-density lipoprotein cholesterol. P values were calculated by unpaired two-tailed t-test. www.nature.com/scientificreports www.nature.com/scientificreports/ Developing new risk prediction model 1. We implemented a new risk prediction model as follows. The β coefficients calculated using multiple logistic regression in diabetic men were Suita score 0.3, waist circumference 7, and intercept −5. Then, the formula for modified Suita score in diabetic men was 0.3 × Suita score (TC) + 7 × waist circumference. Although the intercept was omitted in this formula for simplification, the intercept was used to calculate the probability of CHD onset. In the same way, the β coefficients calculated using multiple logistic regression in women with diabetes were Suita model score 0.1, proteinuria 12, and intercept −4. Thus, the formula for modified Suita score in diabetic women was 0.1 × Suita score (TC) + 12 × proteinuria ≥1+ (0 or 1). In non-diabetic men, the formula = 0.3 × Suita score (TC) + 1.2 × waist circumference ≥85 cm (0 or 1), whereas that for non-diabetic women was 0.2 × Suita score (TC) + 4.3 × proteinuria ≥1+ (0 or 1). The results for Suita score (LDL-C) were almost the same as those for Suita score (TC) (data not shown).
Hosmer-Lemeshow goodness-of-fit test.
Hosmer-Lemeshow test (Table 3) for Suita score (TC) new covariates indicated a good-fit model in total, men and women, and in non-diabetic and diabetic men and women.
ROC curve, NRI, IDI and DCA. We weighed the discrimination ability of the new risk prediction model by comparing AUC (Delong test), NRI, IDI and DCA. Addition of new covariates, waist circumference or proteinuria, to Suita score (TC) significantly improved AUCs in total and women ( Fig. 3(a) ), however showed a borderline difference (P = 0.068) in diabetic men and a significant difference in diabetic women (P = 0.042) (Fig. 3(b) ). Meanwhile, the overall category-free NRI and IDI of Suita score (TC) new covariates indicated significance or borderline differences as compared to Suita score (TC) in total, men and women, and in non-diabetic and diabetic men and diabetic women (Tables 4 and 5 ). The DCA (Fig. 4) showed that curves of Suita score (TC) new covariates had a good discrimination in diabetic men and women, but not in non-diabetic men and women.
Probability of new-onset CHD. The probability of new-onset CHD for 3 years using Suita score (TC or LCL-C) covariates were calculated in diabetic men and women. If waist circumference was positive in men, the probability of CHD was increased approximately 2-fold, whereas if proteinuria was positive in women, the probability was increased approximately 3-fold (Supplementary Tables 2 and 3) . New risk prediction model 2: Suita score (TC) new coefficients + new covariates. New coefficients for Suita score (TC) covariates. We developed another new risk model in which all the variables included in the Suita score were reassessed to obtain better model performance.β-coefficients of Suita score (TC) variables 9 such as age, TC, HDL-C, SBP, current smoking, HbA1c and e-GFR were recalculated in the-sex specific models to obtain best fit models.
In non-diabetic men: Suita score (TC) new coefficients = 0.44 × age (years) + 0.05 × SBP (mmHg) + 0.01 × TC (mg/dL) − 0.05 × HDL-C (mg/dL) − 0.96 × current smoking (0 or 1) − 0.07 × eGFR + 2.5 × HbA1C (%).
In diabetic men: Suita score (TC) new coefficients = 0.38 × age (years) + 0.04 × SBP (mmHg) + 0.001 × TC (mg/dL) − 0.03 × HDL-C (mg/dL) + 1.38 × current smoking (0 or 1) − 0.12 × eGFR + 0.10 × HbA1C (%).
In non-diabetic women: Suita score new coefficients = 0.36 × age (years) + 0.08 × SBP (mmHg) − 0.06 × TC (mg/dL) + 0.02 × HDL-C (mg/dL) − 2.73 × current smoking (0 or 1) + 0.03 × eGFR + 1.2 × HbA1C (%). Table 4 . Net reclassification improvement (NRI) between scores for coronary heart disease (CHD) prediction. New risk prediction model 1: Suita score (TC) + new covariates*. New risk prediction model 2: Suita score (TC) + new coefficients + new covariates*. New risk prediction model 3: Suita score (TC) + new coefficients + new covariates 2**. *New covariates: Waist circumference (≥85 cm) in men and proteinuria (≥1+) in women were included. **New covariates 2: Triglyceride, drug of diabetes, hypertension, and dyslipidemia, waist circumference (≥85 cm), and proteinuria (≥+−) in men, and triglyceride, drug of diabetes, hypertension, and dyslipidemia, waist circumference (≥90 cm), and proteinuria (≥1+) in women were included.
www.nature.com/scientificreports www.nature.com/scientificreports/ In non-diabetic men: Suita score (TC) new coefficients + new covariates = 0.98 × Suita score (TC) new coefficients + 1.11 × waist circumference ≥85 cm (0 or 1).
In diabetic men: Suita score (TC) new coefficients + new covariates = 0.96 × Suita score new coefficients + 7.40 × waist circumference ≥85 cm (0 or 1).
In non-diabetic women: Suita score (TC) new coefficients + new covariates = 0.98 × Suita score new coefficients + 4.48 × proteinuria ≥1+ (0 or 1).
In diabetic women: Suita score (TC) new coefficients + new covariates = 0.96 × Suita score new coefficients + 11.1 × proteinuria ≥1+ (0 or 1).
Hosmer-Lemeshow goodness-of-fit test. As shown in Table 3 , performance of Suita Score (TC) new coefficients and Suita Score (TC) new coefficients + covariates were good in total, men and women, were also good when divided to non-diabetic and diabetic men and women.
ROC curve, NRI, IDI, and DCA. As compared Suita score (TC), Suita score (TC) new coefficients with or without new covariates significantly improved AUCs in total, men and women ( Fig. 3(a) ), in non-diabetic men and non-diabetic and diabetic women (Fig. 3(b) ). The overall category-free NRI and IDI of Suita score (TC) new coefficients with or without new covariates also showed improvement in total, men and women, non-diabetic men and non-diabetic and diabetic women. (Tables 4 and 5 ). DCA indicated that curve discrimination of Suita score (TC) new coefficients with or without covariates was improved compared to those of Suita score (TC) in diabetic men and women (Fig. 4) .
New risk prediction model 3: Suita score (TC) new coefficients + new covariates 2. Suita score (TC) new coefficients + new covariates 2.
Finally, to obtain the best risk prediction models, we reconsidered a set of new comprehensive candidates of covariates: sex, age, BW, BMI, waist circumference, waist circumference (≥85 cm in men and ≥90 cm in women), SBP, DBP, FPG, HbA1c, AST, ALT, γ-GTP, HDL-C, LDL-C, triglyceride, uric acid, serum creatinine, eGFR, proteinuria, proteinuria (≥±), proteinuria (≥1+), smoking habits, drinking habits, drug information of diabetes, hypertension, and dyslipidemia (Supplementry Table 1A ). We selected the newly selected covariates as new covariates 2 (Supplementry Table 1B ).
In detail, new models are as follows; Age, SBP, TC, HDL, HbA1c, current smoking, and e-GFR (Suita score (TC) new coefficients), adding waist circumference ≥85 cm, the use of drug of diabetes, hypertension, and dyslipidemia, triglyceride, and proteinuria ≥+− (new covariates 2) in men: meanwhile, Age, SBP, TC, HDL, HbA1c, current smoking, and e-GFR(Suita score (TC) new coefficients), adding proteinuria ≥1+, the use of drug of diabetes, hypertension, and dyslipidemia, triglyceride, and waist circumference ≥90 cm (new covariates 2) in women, respectively. Next, we calculated β-coefficients of Suita score (TC) new coefficients and new covariates 2 in the-sex specific models to obtain best fit models.
In Table 3 , performance of Suita score (TC) new coefficients + covariates 2 were good in total, men, and women, in non-diabetic and diabetic men and women.
Hosmer-Lemeshow goodness-of-fit test. As shown in
ROC curve, NRI, IDI, and DCA. As compared FRS or Suita score (TC), Suita score (TC) new coefficients + new covariates 2 significantly improve AUCs in total, men and women ( Fig. 3(a) ), also significantly improved AUCs in non-diabetic and diabetic men and women (Fig. 3(b) ). As compared FRS or Suita score (TC), the overall category-free NRI and IDI of Suita score (TC) new coefficients with new covariates 2 also showed improvement in total, men, women and in non-diabetic and diabetic men and women (Tables 4 and 5 ). DCA indicated that curve discrimination of Suita score (TC) new coefficients with covariates 2 was improved compared to those of Suita score (TC) in diabetic men and women (Fig. 4) .
Discussion
In the current study, we assessed how accurately the risk scores which were originally developed for predicting 10-year risk of CHD 9 could predict 3-year risk of CHD in a large Japanese population. We obtained three major findings in the study. First, ROC curve distribution of Suita score (TC) was slightly different between vs FRS (TC) and NCEP-ATPIII FRS (TC) in total participants, but was almost equivalent when the population was divided into men and women. The AUCs were consistently low in Suita score (TC), FRS (TC) and NCEP-ATPIII FRS (TC), suggesting that these risk scores have only a limited power for CHD risk prediction in Japanese population.
www.nature.com/scientificreports www.nature.com/scientificreports/ Second, ROC curve distribution, NRI and IDI, and DCA did not show clear differences between Suita score (TC) and FRS (TC)/ NCEP-ATPIII FRS (TC) in men and women with or without diabetes. Third, new models combining waist circumference ≥85 cm or proteinuria ≥1+ to Suita score (TC) or Suita score new coefficients (TC) (new risk prediction model 2) was proven better than its respective models, when assessed by AUC, NRI, IDI, and Hosmer-Lemeshow test. In addition, the AUCs of new risk prediction model 3 (Suita score (TC) new coefficients + new covariates 2) were also superior to those of the FRS and Suita scores in total, men and women, but the superiority was observed especially when population were subdivided to non-diabetic and diabetic men and New covariates 2: Triglyceride, drug of diabetes, hypertension, and dyslipidemia, waist circumference (≥85 cm), and proteinuria (≥+−) in men, and triglyceride, drug of diabetes, hypertension, and dyslipidemia, waist circumference (≥90 cm), and proteinuria (≥1+) in women were included.
www.nature.com/scientificreports www.nature.com/scientificreports/ women. Two new models could be useful to predict 3-year risk of CHD at least in Japanese population especially in diabetic population.
Epidemiological studies in Japan, such as Nippon Data 80 2,3 and the Hisayama Study 9 , reported that current risk prediction models are not adequate. Nakai et al. 15 reported that, the expected CHD mortality rate was rather higher than the observed CHD onset in Nippon Data 80. The guidelines for prevention of atherosclerotic cardiovascular diseases in 2017, which had been established based on the Suita study, are increasingly used in Japan. However, the issue whether Suita score can be used satisfactory in real practice remains not fully evaluated. To the best of our knowledge, our study is the first to assess the utility of Suita score using a large Japanese population and clarified the limited ability discussed below. Nishimura et al. 9 reported: FRS might overestimate CHD incidence in a Japanese general population, while Suita score (TC or LDL-C) could improve the estimation power. In our Japanese population, discrimination of Suita score (TC) for estimating CHD was slightly better compared to FRS (TC) and NCEP-ATPIII FRS (TC) in total participants, but the performance was comparable, when the population was divided into men and women. Also, Hosmer-Lemeshow test indicated that FRS (TC) did not fit in total participants but did in men and women subgroups as well as in FRS (TC), suggesting that both scores may be equivalent in the sex-specific risk prediction (Table 3) . We assessed discrimination ability of Suita score (TC) in non-diabetic and diabetic men and women. ROC curve distribution, NRI and IDI, and DCA were partially better in Suita score (TC) than FRS (TC) or NCEP-ATPIII FRS (TC) in several subcategory, but the results were not consistent among ROC, NRI and IDI, and DCA. Because the CHD predictive models of Japanese especially in general population are limited 10, 12 , we further sleeked a risk prediction model in participants with or without diabetes as discussed below.
Since the power of Suita score (TC) for CHD risk prediction was limited, we tried to create new models. Interestingly, combining waist circumference ≥85 cm or proteinuria ≥1+ to Suita score (TC) or Suita score new coefficients (TC) was proven superior to its respective models (new risk prediction model 2). Gender difference in covariates for CHD risk prediction has been discussed 16 . Waist circumference is a useful and convenient substitute index for visceral fat, which is associated with insulin resistance 17 . In general, visceral fat accumulates more easily in men, and subcutaneous fat accumulates more easily in women 18, 19 . Therefore, adding waist circumference tended to increase AUC in diabetic men (Suita score (TC) new covariates vs Suita score (TC), P = 0.068, Fig. 3(b) ) is consistent with that of previous studies 18, 19 . We reported that men with increased waist circumference was closely related to endothelial dysfunction, an early feature of CHD 20, 21 . Insulin resistance is the other important residual risk factor of CHD 22 . We previously proved that endothelial dysfunction was correlated with individual metabolic risk components, such as diabetes, dyslipidemia, hypertension or visceral obesity, but most strongly with clustering of the components under a condition with low insulin sensitivity 23 . Although markers for visceral fat obesity and/or insulin resistance are not included in Suita score 19 , waist circumference is reported to be one such marker. Therefore, adding waist circumference to the CHD predictive model can be valuable.
In contrast, proteinuria was recently reported to be an independent cardiovascular disease (CVD) risk factor, which is different from e-GFR 24 . Irie et al. 25 reported that the combination of proteinuria and e-GFR was an efficient predictor of CVD in the Japanese general population. Accordingly, adding proteinuria and including e-GFR to the Suita score were not contradicted in their report. Meanwhile, in our study, adding proteinuria to the Suita score demonstrated different results between men and women with diabetes, although the reasons for this remain unclear. Irie et al. 25 also found that the age-adjusted relative CHD risk because of proteinuria was 2.90 (95% CI, 1.94-4.34) and 4.54 (95% CI, 2.93-7.04) in men and women, suggesting that the relative CVD risk with proteinuria was higher in women. The sex difference of CVD risk with proteinuria remains undetermined and further study is needed to clarify the issue. The utility of urinary microalbumin levels rather than considering proteinuria in the model might be more informative for CHD risk assessment 26, 27 . We could not measure microalbuminuria due to limitation of cost. Alternatively, we compared the impact of proteinuria (±) and proteinuria (1+) on ROC: in diabetic men, Suita score (TC) AUC = 0.586 (95%CI 0.523-0.650, P = 0.005), plus proteinuria (±), AUC = 0.598 (95%CI 0.539-0.657, P < 0.001), plus proteinuria (+) AUC = 0.586 (0.524-0.648, P = 0.005); in diabetic women, Suita score (TC) AUC = 0.544 (95%CI, 0.475-0.613, P = 0.199), plus proteinuria (±) AUC = 0.573 (0.504-0.643, P = 0.033, plus proteinuria (+) AUC = 0.597 (0.526-0.668, P = 0.005). AUC was increased by addition of proteinuria (±) greatly in men, but slightly in women. Utility of dipstick proteinuria and albuminuria for CHD risk prediction need to be discussed in further studies 28 . We also created new risk prediction model 3 (Suita score (TC) new coefficients + new covariates 2), in which the AUCs of were also superior to those of the FRS and Suita scores in total, men and women, but the superiority was observed especially when population were subdivided to non-diabetic and diabetic men and women. Addtiion of triglyceride, and drug of diabetes, hypertension, and dyslipidemia may increase the power of CHD prediction in thesubdivided groups. There are risk prediction scores for diabetic patients in the world [29] [30] [31] and in Japan 11 . As compared to c-statics in CHD (male 0.65, female 0.71) in UK database 30 , CHD (0.74) in Hong Kong Diabetes Registry (HKDR) 31 , CHD (0.725) in JJ risk enjine 11 , AUC (c-statics) of current new Suita score (TC) (0.660 in diabetic men, 0.691 in diabetic women) was still low. It is suggested that including other potential covariates such as nutritional 16 and genetic risk factors 32, 33 or family history of premature myocardial infarction 34 to the model will be beneficial for a better risk prediction.
Our study has several limitations. First, the duration of observation was 3 years, which was shorter than that in previous studies. Also, the number of censored cases was large, and the reason of censoring could not be obtained by limitations of study design. It could give bias of samplings, which considerably influence statistical analysis. Although time-to-event analysis could not be obtained in the current analysis, we are planning to elongate periods of observations (~7 years) in the same population to validate our risk prediction model. Second, past medical history of diseases was determined only by medical interview, and evaluations were not fully objective. To (2019) 9:2813 | https://doi.org/10.1038/s41598-019-39049-w www.nature.com/scientificreports www.nature.com/scientificreports/ compensate for the medical interview, the study physicians conducted a physical evaluation of each subject and reassessed their medical history. Third, the definition of CHD differed between the Suita study and ours. In the Suita study, CHD was defined as acute myocardial infarction, CHD followed by coronary artery bypass or angioplasty, and sudden cardiac death within 24 h after acute onset of symptoms, not including angina 9 . Meanwhile, we defined CHD as angina or myocardial infarction. The difference in definition of CHD can cause a difference in the prevalence of new-onset CHD. In fact, the prevalence of CHD was higher in our study. The new onset CHD cases could serve as an index of performance of Suita score, if this scoring is compared with percentage stenosis of coronary arteries. Our recent study indicated that FRS used in the current study was not largely associated with significant coronary stenosis (r = 0.197, P = 0.006) and Gensini score, an index of coronary atherosclerosis Table 6 . Crude odds ratios of potential covariates for coronary heart disease (CHD) prediction. 35 on computed tomography angiography. Associations between CHD onset and coronary atherosclerosis need to be evaluated in terms of risk prediction scores in future studies. Fourth, types of medicines and diabetes duration could not be evaluated fully in an annual health check program. In diabetes, the past state of glycemic control, so-called "metabolic memory" or "legacy effect" can strongly affect onset of CHD, but that information cannot be obtained by our study, limiting our interpretation. Fifth, the assessment of our new prediction models should be done in other Japanese diabetic population databases. The features of the Suita study and annual health check program (SHCG) (this study) are compared in Supplementary 
Conclusion.
We demonstrated the differential assessment of the Suita score in a large population of Japanese men and women with and without diabetes. Adding waist circumference and proteinuria to the Suita score in men and women with diabetes, respectively, resulted in better discrimination. Because the costs are limited in an annual health check program, development of a low-cost and convenient marker is very important. We have shown a benefit of new Suita scores for CHD prediction as compared to original Suita score in diabetic participants. However, the discrimination ability of the scores remains unsatisfactory and thus future studies are warranted to develop better models.
Methods study population. This study was conducted as a part of the ongoing "Research on the Positioning of Chronic Kidney Disease in Specific Health Check and Guidance in Japan (SHCG)" project 36, 37 . To determine external validations of the Suita and FRS scores, we analyzed data from participants who were followed up longitudinally from 2008 to 2011 based on the SHCG. The annual health check program, SHCG, was started by the Japanese government in 2008, targeting early diagnosis and intervention for metabolic syndrome in Japanese citizens aged 40-74 years. If necessary, public health nurses provide lifestyle interventions in participants who are at high risk for metabolic syndrome 38 . Data were collected and confirmed by the NPO Japan Clinical Research Support Unit (Tokyo, Japan). www.nature.com/scientificreports www.nature.com/scientificreports/ primary outcome and study design. The primary outcome was defined as new-onset CHD (angina or myocardial infarction). The flow chart of the participants' recruitment is shown in the Supplementary Fig. 1 . Of 667,218 participants with available data at baseline in 2008, 109,653 were available for longitudinal data until 2011. Of these, 41,301 were selected after 68,352 were excluded because of the missing data. We excluded 2673 participants because of baseline history of CHD (n = 1767) and/or cerebrovascular disease (n = 1065) and 2935 because of missing data on CHD in 2009, 2010, and 2011. Participants with TG ≥400 mg/dL (n = 314) were also excluded 39 . Finally, 35,379 participants (14,072 men; 21,307 women) were selected and analyzed.
FRS (original or National Cholesterol Education Program Adult Treatment Panel III [NCEP-ATPIII] version) and Suita score (TC or LDL-C version).
We calculated the FRS 5 and NCEP-ATPIII FRS 6 , using data on age, sex, TC, high-density lipoprotein cholesterol level (HDL-C), SBP, smoking, DBP (FRS), diabetes (FRS) 5 , and anti-hypertensive drug intake (NCEP-ATPIII) 6 . Suita scores were calculated similarly to that in the Suita study (TC or LDL-C version), using data on age, sex, TC or LDL-C, HDL-C, SBP, DBP, smoking, diabetes, and e-GFR 9 .
Covariates. Trained staff measured height, BW, waist circumference, and SBP and DBP using a standard sphygmomanometer or an automated device on the right arm after resting for 5 min in a sitting position based on the recommendations of the Japanese Ministry of Health, Labor and Welfare 40 . The participants described age; sex; smoking and alcohol intake; anti-hypertensive, anti-diabetic, and anti-dyslipidemia medication intake; and history of CHD, cerebrovascular disease, and kidney dysfunction on a questionnaire. CHD was defined as angina or myocardial infarction; cerebrovascular disease, as cerebral hemorrhage or cerebral infarction; and kidney dysfunction, as chronic renal failure or need for dialysis. Blood samples were collected after overnight fasting. Centrifuged samples were analyzed by automatic clinical chemistry analyzer within 24 h of sampling. All blood samples were analyzed at local, rather than central, laboratories. Analyses were conducted by the methods for laboratory tests recommended by the Japan Society of Clinical Chemistry 37 . The analyzed factors were the following: fasting plasma glucose (FPG), HbA1c (JDS or National Glycohemoglobin Standardization Program [NGSP]), AST, ALT, γ-GTP, HDL-C, LDL-C, TG, uric acid (UA) and serum creatinine. In addition, HbA1c (JDS) was converted to HbA1c (NGSP), which was calculated as JDS + 0.4% 41 . e-GFR was calculated as follows: e-GFR (men) = 194 × Scr −1.094 × age −0.287 and e-GFR (women) = e-GFR (men) × 0.739 42 . Urine was tested using the dipstick method on spot urine specimens gathered from participants in the early morning after overnight fasting. Proteinuria was defined as positive ≥1+ and negative− or± 40 . Alcohol consumption subgroups were classified as those who drink every day, drink sometimes, and drink almost never. Diabetes mellitus was determined by American Diabetes Association criteria 43 : FPG ≥ 126 mg/dL, HbA1c-NGSP ≥ 6.5%, or use of anti-diabetic medications. Hypertension was defined as SBP ≥ 140 mmHg, or DBP ≥ 90 mmHg, or anti-hypertensive medication intake. Dyslipidemia was defined as LDL-C 140 ≥ mg/dL, HDL-C ≤ 40 mg/dL, TG ≥ 150 mg/dL, or anti-dyslipidemic drug intake. If necessary, TC was calculated by the Friedewald's method 39 , and participants whose TG was ≥400 mg/dL were excluded. statistical analyses. Subgroups of participants. We divided the participants into four subgroups of men and women with and without diabetes and assessed the risk prediction power of the Suita and FRS scores.
ROC curve, NRI, IDI and DCA. The risk score of new-onset CHD was calculated as the sum of the individual new coefficients in the Suita score (TC and LDL-C) and original and NCEP-ATPIII FRS. We then assessed the predictive performance for the risk score by drawing an ROC curve, by calculating the AUCs for ROC curve, and sensitivity, specificity, and positive and negative predictive values for cutoff values 44 . The cutoff value was determined by the maximum AUC value, and AUCS were compared by the DeLong test 45 .
Hosmer-Lemeshow test. We compared the predicted and observed incidence of new-onset CHD in each decile of risk score and performed the Hosmer-Lemeshow test to assess goodness-of-fit of the model. If P < 0.05, the model was regarded as no goodness of fit 46 . New risk prediction model 1: Suita score (TC) +new covariates. Selection of covariates: Finally, to create a better predictive model, particularly in participants with diabetes, we evaluated the impact of adding covariates to the Suita score. As residuals in the Suita score, we selected potential covariates measured in the SHCG: abdominal obesity (waist circumference ≥85 cm in men, >90 cm in women) 47 , BMI,AST, ALT, γ-GTP, UA, proteinuria (≥+−),proteinuria (≥1+), FPG, HbA1c, and alcohol consumption (drinking every day, sometimes, and never). Crude odds ratio of new-onset CHD was calculated individually by adding a selected covariate to the Suita score, and the covariate (s) with the highest crude odds ratio was selected.
Assessment of covariates added to the Suita score: We assessed the influence of newly added covariates by comparing the adjusted odds ratio in multiple logistic regression. For an additional covariate, multicollinearity was checked with the VIF. If multicollinearity was less extent (VIF ≤ 2.5) 48 , we implemented the new covariate in the new model as bellow.
Developing modified Suita score: Using multiple logistic regression, we calculated the β-coefficients by adding new covariates to the Suita score. We multiplied the value 10 times and rounded the respective β-coefficients to create new coefficients primarily used β-coefficients:
www.nature.com/scientificreports www.nature.com/scientificreports/ Finally, we calculated the modified Suita score by adding a new covariate to the original Suita score. Reclassification of new model of diabetes: Pencina et al. 49 reported that NRI and IDI are valuable to evaluate the modified model's ability of discrimination, which was assessed by evaluating AUC changes 45 . Finally, we drew a DCA of the Suita score and modified the score. DCA is the method of calculating the net benefit, which means the true positive value is subtracted from the false positive value 50 . Calculation of the CHD probability by multiple logistic regression models: We calculated the probability of CHD for 3 years by multiple logistic regression based on the modified Suita score: 51, 52 . New risk prediction model 2: Suita score (TC) new coefficients +new covariates. Recalculation of regression coefficients: We developed the new prediction model by adding appropriate covariates to the Suita score as above [Suita score (TC) new covariates]. However, if the model performance of the original Suita score might be insufficient, which would possibly just come from "inaccurate" regression coefficients in the Suita score. Therefore, we develop another risk model in which all the coefficients included in the Suita score were entered as explanatory variables and check its model performance. The β-coefficients for CHD prediction, calculated using multiple logistic regression, were obtained for variables used in the Suita score (TC) [age, SBP, TC, HDL-C, HbA1c, eGFR, and current smoking]. Suita score (TC) new coefficients models were made based on results of discrimination (ROC, NRI, IDI and DCA) and calibration (Hosmer-Lemeshow test).
Adding covariates on Suita score (TC) new coefficients score: As in Suita score (TC) new covariates, other covariates other than Suita score (TC) new coefficients were tested. Crude odds ratio for new-onset CHD was calculated individually by adding a selected covariate to the Suita score (TC) new coefficients model, and the covariate(s) with the highest crude odds ratio was selected to the model. Furthermore, additionally develop risk models in which above coefficients included in the Suita score plus other covariates were entered as explanatory variables and check their model performance.
New risk prediction model 3: Suita score (TC) new coefficients +new covariates 2.
Adding covariates 2 on Suita score (TC) new coefficients score: Finally, to obtain the best risk prediction models, we reconsidered a set of new comprehensive candidates of covariates: sex, age, BW, BMI, waist circumference, waist circumference (≥85 cm in men and ≥90 cm in women), SBP, DBP, FPG, HbA1c, AST, ALT, γ-GTP, HDL-C, LDL-C, triglyceride, uric acid, serum creatinine, eGFR, proteinuria, proteinuria (≥±), proteinuria (≥1+), smoking habits, drinking habits, drug information of diabetes, hypertension, and dyslipidemia (Supplementry Table 1A ). We selected the newly selected covariates as new covariates 2 (Supplementry Table 1B ) and the model performance were also assessed by Hosmer-Lemeshow test and ROC curve, NRI, IDI, and DCA.
Statistical applications. The data were expressed as mean ± standard deviation or %. For a two-group comparison, unpaired two-tailed t-test or Mann-Whitney U test were used for parametric or nonparametric distribution variables, respectively. The X 2 test was used for non-continuous variables and the DeLong test was for AUC. P < 0.05 was considered statistically significant. Assessment in subgroups was completed by the model's ability for discrimination (ROC curve and AUC) 44 and calibration [the Hosmer-Lemeshow test]). For statistical analyses, we used SPSS (version 24.0; SPSS, Inc., Chicago, IL, USA) for basic descriptive statistics and R statistical package (R version 3.3.2) for ROC (pROC), NRI and IDI (PredictABEL), DCA (rmda) and Hosmer-Lemeshow test (ResourceSelection).
Ethics approval and consent to participate. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee at which the studies were conducted (Fukushima Medical University; IRB Approval Number #1485, #2771) and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This study was conducted according also to the Ethical Guidelines for Medical and Health Research Involving Human Subjects enacted by MHLW of Japan [http://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000069410.pdf and http://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagak uka/0000080278.pdf]. In the context of the guideline, the investigators shall not necessarily be required to obtain informed consent, but we made public information concerning this study on the web [http://www.fmu.ac.jp/ univ/sangaku/data/koukai_2/2771.pdf] and ensured the opportunities for the research subjects to refuse utilizing their personal information.
Data Availability
The datasets during and/or analyzed during the current study available from the corresponding author on reasonable request.
